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(57) ABSTRACT 

A printing apparatus includes heat treatment means, a rotat 
able feeder roll chargeable to a predetermined first potential, 
a Support roll chargeable to a predetermined Second 
potential, and a matrix in the form of a flexible printing 
circuit. The matrix has Supply apertures, each Supply aper 
ture having a first inner diameter and being Surrounded by an 
electrically conducting control ring configured to be charged 
to a predetermined third potential and having a Second inner 
diameter. The third potential is Selected to control corre 
sponding Supply apertures between an open State and a 
closed State. The first inner diameter of the control ring is at 
least equal to the Second inner diameter of the Supply 
aperture. The matrix and the electrically conducting control 
rings are covered on upper Surfaces and aperture edges with 
an electrically insulating layer. The feeder roll, the Support 
roll and the matrix are configured to transfer a dry powder 
from the feeder roll through the Supply apertures of the 
matrix to an object to be printed which is conveyed over the 
support roll. The powder deposited on the object is fixed by 
the heat treatment means. 

16 Claims, 2 Drawing Sheets 
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PRINTINGAPPARATUS OF TONER-JET 
TYPE 

FIELD OF THE INVENTION 

The present invention generally relates to a printing 
apparatus of the type which is used in various types or 
printers, in copying machines, in telefax machines etc., and 
which operates using a dry toner (colour powder) which is 
by an electrical proceSS applied to the object to be printed, 
for instance the paper, and which is fixed to the paper, 
generally by a heat treatment. 

BACKGROUND OF THE INVENTION 

The invention is more particularly directed to a printing 
apparatus of Said type, which is named a "toner-jet' printing 
apparatus, and in which a dry colour powder, generally 
named "toner', is, by a direct method, transferred from a 
rotating toner feeder roll, through apertures of a fixed matrix 
in the form of a flexible printing circuit and to the object to 
be printed, for instance the paper, which is moved over a 
Support roll, and in which the toner received on the paper is 
finally fixed on the paper by a heat treatment. 

The principle of Said proceSS is that there are created two 
electric fields for transferring the toner from the feeder roll 
to the paper, a first electric field between the toner feeder roll 
and the toner matrix, which field can be brought to invert its 
polarity, and a Second electric field, preferably a constantly 
downwards directed positive electric field between the 
matrix and the Support roll over which the paper is con 
veyed. 

The toner matrix is formed with a large number of very 
narrow, through apertures having a diameter of for instance 
100-300 um, and around each such aperture an electrically 
conducting ring of a Suitable metal, for instance copper, in 
the following referred to as "copper ring”. Each copper ring 
is arranged So that a positive potential, for instance +300 V, 
can be impressed thereto, which potential is higher than the 
potential of the feeder roll, which can be for instance 
between +5 and +100 V, preferably about +50 V, but which 
is lower than the potential of the Support roll for the paper, 
which can be for instance +1500 V. The electrically con 
ducting ring, when impressed with a Voltage, makes the 
belonging matrix aperture become “opened' for letting 
through toner. If, on the contrary, the matrix aperture is 
given a potential which is Substantially less than the poten 
tial of the toner feeder roll, for instance if it is connected to 
earth the belonging matrix aperture becomes "closed” 
thereby preventing toner from passing down through said 
aperture. 
The function is as follows: 
the colour powder (toner) gets a negative potential in that 

the toner particles are rubbed against each other; 
the toner is Supplied to the toner feeder roll, which has a 

positive charging of a predetermined potential, often a 
potential which can be varied between +0 and +100 V, 
and the toner is spread in an even, Suitably thick layer 
on the feeder roll by means of a doctor blade; 

each aperture of the matrix which corresponds to a desired 
toner point is opened in that the matrix aperture ring is 
impressed by a positive potential which is higher that 
the potential of the feeder roll, for instance +300 V, 
apertures corresponding to non-toner-carrying portions 
remain connected to earth, which means that Said 
apertures are to be considered as “closed’ and that they 
thereby make it impossible for toner to pass Said 
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2 
apertures, the combination of opened matrix apertures 
create a sign to be imaged; 

depending on the difference in potential, for instance +50 
V to +300 V=+250 V between the feeder roll and the 
toner matrix the negatively charged toner particles are 
Sucked down from the feeder roll to the matrix, and 
depending on the difference in potential between the 
toner matrix and the Support roll mounted underneath 
same, for instance +300 V to +1500 V=+1200 V toner 
particles are moved from the matrix and deposit on the 
paper conveyed over the Support roll; 

the paper having toner deposited thereon is finally moved 
through a heat treatment apparatus in which the toner is 
fixed to the paper. 

There is an almost linear relationship between the current 
density and the traction force that the electric field exerts on 
the toner particles. The greatest density of the field is located 
very close above the copper rings and the density decreases 
in the direction towards the centre of the aperture. By 
reducing the potential of the feeder roll and thereby increas 
ing the difference in potential between the feeder roll and the 
matrix it is possible to increase the amount of toner which 
is allowed to pass Same; an increase of the potential of the 
feeder roll provides a corresponding reduction of the amount 
of toner which is let through. 
By connecting a copper ring of the matrix to earth the 

direction of potential is inverted between the feeder roll 
from having been +250 V in the direction downwards to be 
+50 V in the direction upwards, and this makes negatively 
charged toner particles Stick to the feeder roll, or makes Such 
particles become Sucked back thereto, respectively. 

In a particular embodiment of a printing apparatus the 
distance between the feeder roll and the matrix was adjusted 
to about 0.1 mm, and the distance between the matrix and 
the support roll to about 0.6 mm. For the above mentioned 
potentials, which are given as examples, this gives a field 
strength of 2.5 V/um, which is higher that the insulation 
property of air, which is about 1 V?um. For eliminating the 
risque of flash-Over between the feeder roll and the copper 
ring of the matrix and between the copper ring and the 
Support roll it is therefore necessary that the matrix aperture 
ring be insulated. 

In printing apparatus of toner-jet type, So far known, the 
copper rings have been insulated by being “baked into 
(embedded in) the matrix material, and therefore the inner 
diameter of the copper ring of the matrix aperture has been 
made greater than the diameter of the matrix aperture, and 
an insulation material has been applied So as to cover all 
Sides of the matrix. For a matrix aperture having a diameter 
of for instance 190 um the inner diameter of the copper ring 
was made 250 lum. This means that the matrix aperture for 
letting toner down has a surface which is only 57.8% of the 
Surface inside the copper ring, and the aperture for letting 
toner through is located Some distance radially inside the 
inner diameter of the copper ring, where the field density is 
highest and should have given maximum force for Sucking 
toner down. As a consequence there is a highly restricted 
degree of toner Supply. 

SUMMARY OF THE INVENTION 

The object of the invention therefore is to solve the 
problem of providing a printing apparatus of toner-jet type 
having a Substantially increased capacity of letting toner 
down than what is possible with the above discussed pre 
viously known printing apparatus. 

This problem is solved in that the diameter of the toner 
aperture is made at least nearly as wide as the inner diameter 
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of the charged copper ring, whereby the copper ring might 
be used to a maximum for moving toner from the feeder roll, 
through the matrix and down to the paper. The copper rings 
preferably are mounted directly on top of the matrix base in 
which the matrix apertures are drilled, and the matrix 
apertures thereby get the same diameter as the inner diam 
eter of the copper rings. AS mentioned above it is necessary, 
however, that the copper rings always are insulated, and 
according to the invention the charged copper rings are fixed 
mounted on top of the matrix base So that the matrix 
apertures and the copper rings extend edge to edge, and that 
the entire matrix is coated for instance by an evaporation 
method, with an insulation material which coverS all free 
Surfaces and the edges of the matrix, the matrix apertures 
and the copper rings. A available method is the method 
named the Parylene(R) method (Union Carbide) according to 
which a polymeric insulation material, poly-para-Xylene, is 
applied to the matrix in a vacuum apparatus in layerS having 
a well controlled thickness. The material has an electrical 
degradation resistance of about 200 V/um. This means that 
it should be Sufficient to make use of a layer having a 
thickness of only 2 um for insulating an electric field having 
a voltage of +250 V between the toner feeder roll and the 
copper ring of the matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows schematically and in a perspective view the 
basic principle of a printing apparatus of toner-jet type. 

FIG. 2 shows Schematically a croSS Section view through 
a printing apparatus of toner-jet type according to known 
techniques. 

FIG.3 shows in an enlarged Scale the an encircled part of 
FIG. 2. 

FIG. 4 shows, Similar to FIG. 2, the printing apparatus in 
accordance of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Thus, in FIG. 1 is diagrammatically shown a printing 
apparatus of toner-jet type comprising a toner feeder roll 1 
having a layer 2 of toner (colour powder) of known type 
thereon, a toner matrix 3 mounted underneath Said feeder 
roll 1, and a Support roll 4 mounted underneath the matrix 
3 over which an object to be printed is moved, that is 
between the matrix and the support roll. Said object nor 
mally is a paper 5. 
As shown in FIG. 2 a toner container 6 is mounted above 

the rotating feeder roll 1, and from Said container 6 toner is 
let down on the feeder roll 1. A doctor blade 7 spreads and 
distributes the toner to an even layer of toner 2 on the feeder 
roll 1. A certain positive Voltage of for instance between +5 
and +100 V is applied to the feeder roll, in the illustrated 
case a voltage of about +50 V. Since the toner particles rub 
each other they are charged with a negative polarity and this 
makes the toner particles become Sucked to the feeder roll 
which is charged with a positive polarity. 

The matrix 3 is formed with a large number of through 
apertures 8 adapted to let toner through when Said apertures 
are in “open' condition. The apertures may have a diameter 
of 100-300 lum. An electrically conducting ring 9 of for 
instance copper is mounted around each toner aperture 8 for 
controlling the letting down of toner particles. Each copper 
ring 9, or control ring, is over conduits 10 electrically 
connected to a control means 11 diagrammatically shown in 
FIG. 2 arranged for alternatively impressing a Voltage on the 
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4 
copper ring which is higher than the Voltage of the feeder 
roll 1, for instance a voltage of +300 V, whereby the matrix 
aperture is "opened', or for connecting the copper ring to a 
voltage which is lower than the voltage of the feeder roll, 
especially a voltage of +0 V in that the ring 9 is connected 
to earth, whereby the matrix aperture is “closed”. 

Thus, the opening of the toner matrix aperture 8 is made 
in that the copper ring 9 is given a potential of for instance 
+300 V, whereby there will be a difference of potential of 
+300-+50=+250 V between the toner feeder roll 1 and the 
matrix 3. Said difference of potential is So great that the toner 
particles having a negative charge are let free from the toner 
feeder roll 1 and are Sucked down to the matrix 3 and 
through the open matrix apertures 8. When the copper ring 
is connected to earth the direction of potential is inverted and 
there is an upwards directed difference of potential of +50 V, 
and toner particles thereby are Sucked back to the toner 
feeder roll 1 and are kept thereon. 
The Support roll 4 is constantly impressed with a voltage 

which is higher than the highest Voltage of the matrix, which 
is +300 V. In the illustrated case said support roll is given a 
voltage of +1500 V. When the matrix apertures 8 are 
“opened” there will be a downwards directed difference of 
potential of +1200 V, and said difference makes toner 
particles become sucked down from the matrix 3 to the 
Support roll 4. Toner particles deposit as dots of toner on the 
paper 5 which is conveyed above the support roll 4. A series 
of Such dots from Several matrix apertures 8 Successively 
form the image or images to be printed on the paper. 
The paper 5 with the toner particles let down thereon 

thereafter pass through a heat treatment apparatus, for 
instance between two heater rolls 12, between which rolls 
the toner powder becomes fixed on the paper. 
The distances between the different parts marked in the 

drawings are strongly exaggerated for the Sake of clearness. 
The actual distance between the toner feeder roll 1 and the 
matrix 3 can be, for instance, 0.1 mm and the distance 
between the matrix and the support roll 4 can be, for 
instance, 0.6 mm. 
As mentioned above, and as illustrated in FIG. 3 (prior 

art) the copper rings 9, which are arranged to open the toner 
feeder apertures 8 of the matrix 3, have to be insulated for 
avoiding flash-over to the toner feeder roll 1 and to the 
Support roll 4, respectively. In prior art printers the copper 
rings generally were embedded in an insulating material. 
This has as an effect that the inner diameter of the copper 
rings 9 will be substantially less than the diameter of the 
toner apertures 8 of the matrix. Said toner apertures 8 of the 
matrix thereby can have a diameter of for instance 190 um, 
whereas the inner diameter of the copper ring 9 is 250 lum. 
This means that the matrix aperture 8 for letting toner 
through has an area which is only 57.8% of the inner area of 
the copper ring 9. This is not good, in particular not 
considering the fact that the electric field density has a top 
adjacent the inner diameter of the copper ring 9. For this 
reason the capacity of letting toner through is highly 
restricted. In FIG. 3 the density of electric field is marked 
with the dotted lines. 

For increasing the capacity of letting toner through the 
apertures of the matrix it is therefore desired that the inner 
diameter of the copper ring 9 is the same, or almost the same 
as the diameter of the matrix toner aperture 8, Since the 
copper ring 9 can in Such case be used to a maximum for 
transferring toner from the feeder roll 1, through the matrix 
3 and down to the paper 5. The copper rings 9 preferably are 
mounted directly on top of the matrix base 13 in which the 
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matrix apertures are drilled, and the matrix apertures 8 
thereby get the same diameter as the inner diameter of the 
copper rings 9, as shown in FIG. 4. 
AS mentioned above the copper ringS 9, however, always 

must be insulated for avoiding flash-Over, and according to 
the invention the electrically conducting copper ringS 9 are 
fixedly connected in a Suitable way on top of the matrix base, 
for instance by means of glue or tape, So that the matrix 
aperture 8 and the copper ring 9 with the inner diameters 
thereof extend edge to edge. Thereafter the entire matrix 3 
is coated with a thin insulating layer 14 which covers the 
entire matrix at the upper Surface and the bottom Surface 
thereof and which is also applied to the inner edges both of 
the matrix apertures 8 and the copper ringS 9. Such a coating 
may, for instance, be made by an evaporation method using 
an insulating material which encloses all free Surfaces of the 
matrix, the matrix apertures-and the copper rings. An pres 
ently available method is the method named the parylene(R) 
method (Union Carbide), according to which a polymeric 
insulation material named poly-para-Xylene is applied to the 
matrix in very well predetermined thick layers using an 
evaporation apparatus. The material has a resistance against 
electric degradation of about 200 V/um. This means that it 
should be sufficient to make use of an insulation layer 14 
having a thickness of only 2 um for insulating an electric 
field of 250 V between the toner feeder roll 1 and the copper 
ring 9 of the matrix. To be sure the insulating layer can be 
applied in a thickness of 5-10 lim. Even for Such great 
thickness of the insulating layer as 10 tim, whereby the 
diameter the matrix toner let through aperture is 170 um, for 
a copper ring 9 having a diameter of 190 um, the Specific let 
through opening for toner in the matrix is 89.8% as com 
pared with the inner Surface of the copper ring 9, to be 
compared with the prior art case in which the inner diameter 
of the copper ring is 250 um giving a specific opening 
surface of 57.8%. According to the invention the specific 
opening Surface for letting toner through the matrix is 32% 
greater than that of the prior art printing apparatus, and this 
gives a greater margin in the printing with the printing 
apparatus and a more even print quality can be obtained. At 
the same time problems depending on varying moisture and 
temperature of the ambient air are reduced. Thanks to the 
increased degree of colour density of the print it is also 
possible reduce the drive voltage of the control rings 9 and 
to increase the tolerances of certain means included in the 
apparatuS. 

REFERENCE NUMERALS 

toner feeder roll 
toner layer 
toner matrix 
support roll 
paper 
toner container 
doctor blade 
toner supply aperture 

9 copper ring 
conduit (for 9) 
control means 
heater roll 
matrix base 
insulation layer 

What is claimed is: 
1. A printing apparatus comprising: 
heat treatment means, 
a rotatable feeder roll chargeable to a predetermined first 

potential; 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

6 
a Support roll chargeable to a predetermined Second 

potential; and 
a matrix in the form of a printing circuit, Said matrix 

having Supply apertures, each Supply aperture having a 
first inner diameter and being Surrounded by an elec 
trically conducting control ring configured to be 
charged to a predetermined third potential and having 
a Second inner diameter, Said third potential being 
Selected to control corresponding Supply apertures 
between an open and closed State, Said open State being 
achieved when Said third potential is higher than Said 
first potential and lower than Said Second potential, and 
Said closed State being achieved when Said third poten 
tial is lower than Said first potential, Said Second inner 
diameter of the control ring being at least equal to the 
first inner diameter of the Supply aperture, Said matrix 
and Said electrically conducting control rings being 
covered on upper Surfaces and aperture edges with an 
electrically insulating layer; 

wherein Said feeder roll, Said Support roll and Said matrix 
are configured to transfer a dry powder from Said feeder 
roll through Said Supply apertures of the matrix to an 
object to be printed which is conveyed over said 
Support roll, Said powder deposited on the object being 
fixed by Said heat treatment means. 

2. The printing apparatus of claim 1, wherein each elec 
trically conducting control ring is connected directly to a 
base of said matrix with the second inner diameter of the 
control ring edge to edge with the Supply aperture of the 
matrix. 

3. The printing apparatus of claims 2, wherein the elec 
trically insulating layer is a layer of a polymeric material. 

4. The printing apparatus of claim 3, wherein the poly 
meric material is poly-para-Xylene applied in a layer having 
a predetermined thickness. 

5. The printing apparatus of claim 3, wherein the insu 
lating material of the matrix is applied by an evaporation 
method. 

6. A printing apparatus of comprising: 
heat treatment means, 
a rotatable feeder roll chargeable to a predetermined first 

potential; 
a Support roll chargeable to a predetermined Second 

potential; and 
a matrix in the form of a printing circuit, Said matrix 

having Supply apertures, each Supply aperture having a 
first inner diameter and being Surrounded by an elec 
trically conducting control ring configured to be 
charged to a predetermined third potential and having 
a Second inner diameter, Said third potential being 
Selected to control corresponding Supply apertures 
between an open and closed State, Said open State being 
achieved when Said third potential is higher than Said 
first potential and lower than Said Second potential, and 
Said closed State being achieved when Said third poten 
tial is lower than Said first potential, Said Second inner 
diameter of the control ring being at least equal to the 
first inner diameter of the Supply aperture, wherein each 
electrically conducting control ring is connected 
directly to a base of Said matrix with the Second inner 
diameter of the control ring edge to edge with the 
Supply aperture of the matrix, Said matrix and Said 
electrically conducting control rings being covered on 
upper Surfaces and aperture edges with an electrically 
insulating layer, wherein the electrically insulating 
layer is a layer of polymeric material applied by an 
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evaporation method and has an electric degradation 
resistance of about 200 V?um and is applied in a layer 
of more than 2 um for insulating an electric field of 
+250 V between the feeder roll and the control ring of 
the matrix; 

wherein Said feeder roll, Said Support roll and Said matrix 
are configured to transfer a dry powder from Said feeder 
roll through Said Supply apertures of the matrix to an 
object to be printed which is conveyed over said 
Support roll, Said powder deposited on the object being 
fixed by Said heat treatment means. 

7. The printing apparatus of claim 6, wherein the layer is 
between 5-10 um. 

8. The printing apparatus of claim 2, wherein the insu 
lating material of the matrix is applied by an evaporation 
method. 

9. A printing apparatus of comprising: 
heat treatment means, 
a rotatable feeder roll chargeable to a predetermined first 

potential; 
a Support roll chargeable to a predetermined Second 

potential; and 
a matrix in the form of a printing circuit, Said matrix 

having Supply apertures, each Supply aperture having a 
first inner diameter and being Surrounded by an elec 
trically conducting control ring configured to be 
charged to a predetermined third potential and having 
a Second inner diameter, Said third potential being 
Selected to control corresponding Supply apertures 
between an open and closed State, Said open State being 
achieved when Said third potential is higher than Said 
first potential and lower than Said Second potential, and 
Said closed State being achieved when Said third poten 
tial is lower than Said first potential, Said Second inner 
diameter of the control ring being at least equal to the 
first inner diameter of the Supply aperture, wherein each 
electrically conducting control ring is connected 
directly to a base of Said matrix with the Second inner 
diameter of the control ring edge to edge with the 
Supply aperture of the matrix, Said matrix and Said 
electrically conducting control rings being covered on 
upper Surfaces and aperture edges with an electrically 
insulating layer, wherein the electrically insulating 
layer is applied by an evaporation method and has an 
electric degradation resistance of about 200 V?um and 
is applied in a layer of more than 2 um for insulating an 
electric field of +250 V between the feeder roll and the 
control ring of the matrix; 

wherein Said feeder roll, Said Support roll and Said matrix 
are configured to transfer a dry powder from Said feeder 
roll through Said Supply apertures of the matrix to an 
object to be printed which is conveyed over said 
Support roll, Said powder deposited on the object being 
fixed by Said heat treatment means. 

10. The printing apparatus of claim 9, wherein the layer 
is between 5-10 um. 

11. The printing apparatus of claims 1, wherein the 
electrically insulating layer is a layer of a polymeric mate 
rial. 

12. The printing apparatus of claim 11, wherein the 
polymeric material is poly-para-Xylene applied in a layer 
having a predetermined thickness. 

13. The printing apparatus of claims 1, wherein the 
insulating material of the matrix is applied by an evaporation 
method. 
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14. A printing apparatus of comprising: 
heat treatment means, 
a rotatable feeder roll chargeable to a predetermined first 

potential; 
a Support roll chargeable to a predetermined Second 

potential; and 
a matrix in the form of a printing circuit, Said matrix 

having Supply apertures, each Supply aperture having a 
first inner diameter and being Surrounded by an elec 
trically conducting control ring configured to be 
charged to a predetermined third potential and having 
a Second inner diameter, Said third potential being 
Selected to control corresponding Supply apertures 
between an open and closed State, Said open State being 
achieved when Said third potential is higher than Said 
first potential and lower than Said Second potential, and 
Said closed State being achieved when Said third poten 
tial is lower than Said first potential, Said Second inner 
diameter of the control ring being at least equal to the 
first inner diameter of the Supply aperture, Said matrix 
and Said electrically conducting control ring being 
covered on upper Surfaces and aperture edges with an 
electrically insulating layer, wherein the electrically 
insulating layer has an electric degradation resistance 
of about 200 V/um and is applied in a layer of more 
than 2 um for insulating an electric field of +250 V 
between the feeder roll and the control ring of the 
matrix; 

wherein Said feeder roll, Said Support roll and Said matrix 
are configured to transfer a dry powder from Said feeder 
roll through said Supply apertures of the matrix to an 
object to be printed which is conveyed over said 
Support roll, Said powder deposited on the object being 
fixed by Said heat treatment means. 

15. The printing apparatus of claim 14, wherein the layer 
is between 5-10 um. 

16. A printing apparatus comprising: 
a rotatable feeder roll chargeable to a predetermined first 

potential; 
a Support roll chargeable to a predetermined Second 

potential; and 
a matrix in the form of a printing circuit, Said matrix 

having Supply apertures, each Supply aperture having a 
first inner diameter and being Surrounded by an elec 
trically conducting control ring configured to be 
charged to a predetermined third potential and having 
a Second inner diameter, Said third potential being 
Selected to control corresponding Supply apertures 
between an open and closed State, Said Second inner 
diameter of the control ring being at least equal to the 
first inner diameter of the Supply aperture, Said matrix 
and Said electrically conducting control rings being 
covered on upper Surfaces and aperture edges with an 
electrically insulating layer; 

wherein Said feeder roll, Said Support roll and Said matrix 
are configured to transfer a dry powder from Said feeder 
roll through Said Supply apertures of the matrix to an 
object to be printed which is conveyed over said 
Support roll, Said powder deposited and fixed on the 
object. 


